We propose clinico-informatics, as a research field for dealing with risks of information systems based on informatics. In this paper, we consider a model of technology transfer from the authors' experiences, i.e. transferring verification technology to industry in the various fields which involves information system development. A scenario for technology transfer is proposed with the methodology of fieldscience and we discuss roles of the techniques used in the scenario, for instance, fieldwork, interviews and participant observation.
informatics, as technology transfer is nothing but a flow of information.
During the 16th century or so-called the Age of Exploration, European people were suddenly exposed to those with totally different cultures and such experiences soon spread out all over. Initially, the dominant view was that the differences in culture could be explained simply by means of advancement; everything was considered to be in a development process, so either culture was seen to be more advanced or the other was considered to be behind in the development. In the 20th century, however, the study of cultural anthropology and ethnology started, where cultures are studied as evolution in many directions according to regional and historical characteristics; much more delicate argument about differences of cultures was made instead of simple arguments based on advancement and development. It was recognized, as a result, that the difficulty of mutual understanding between people in different cultures lies in different ways of looking at things, rather than the lack of the ability on the side of the "developing culture". We are now facing a similar cross-cultural exchange in technology transfer; academia and industry just have different cultures and neither culture is more advanced than the other.
To see how such cross-cultural exchange happens in modern information processing, consider the first two of the three subjects of clinico-informatics we listed: methods of analysis and improvement of information processing systems. In the study of methodology in general, one inevitably analyzes the situation on site and tries to improve the situation. The scientists and engineers must work together there. Since the information technology nowadays provides basic methods in many technologies, however, the variety of fields of the engineers who deal with the information system on site is
Introduction: clinico-informatics
Anyone involved in informatics would naturally be led to the study to reduce risks related to information processing by applying results of the study in informatics. There are three principal subjects of study to that end:
1. methods to analyze the situation in the field (which corresponds to diagnosis in medicine,) 2. methods to improve the situation in the field (which corresponds to therapy in medicine) and 3. methods to propagate the technologies.
The methods in 3 are methods to propagate methods, so it is in a sense of a different level to that of 1 and 2. It corresponds to the activities in clinical medicine where the results of research are conveyed to medical practitioners for use in their own therapy, where medical associations and other organizations play important roles. Because of this analogy, we shall call the study, clinico-informatics, the study about information processing which aims at these three subjects. We borrow the word "clinico-" or "clinical" from clinical medicine. We emphasize that clinico-informatics does not mean a branch of informatics which is applied in clinical medicine. Rather, by clinico-informatics we mean the study of therapies of information systems which corresponds to clinical medicine which is a study of therapies of human beings.
Therefore, technology transfer is one of the three subjects of clinico-informatics study. While diagnosis and therapy has natural analogues in medical care, the analogy does not extend so naturally to technology transfer. Technology transfer itself is usually not considered as a subject of clinical medicine. It would, however, naturally be a subject of clinico-extremely wide. It varies from electronic and mechanical engineering to chemical process, and more. It is therefore necessary for those who study clinico-informatics to communicate with the engineers of various fields and to exchange information for analyzing and improving the diverse and the complex. Therefore, it is often necessary, as our own experience shows, to start technology transfer by conveying background knowledge such as mathematical logic that is totally foreign to the engineers. We regard it natural to consider such a process as a cross-cultural encounter and exchange.
Thus, we regard the technology transfer process as a kind of cross-cultural exchange. It would then be natural to apply methods in ethnology and scientific technique of other fields to study technology transfer. The techniques to deal with diverse and complex situations include qualitative research, ethnography, and fieldwork or field science. The techniques such as interviewing, participant observation and the KJ method [1] [2] [3] are used in sociology and nursing as well as ethnology. Incidentally, Kyoto University, from which a respectable tradition of fieldwork has emerged, has recently proposed field informatics. They say, however, "Solutions for problems in the field are proposed from the viewpoint of informatics and the various issues that arise in the field [4] ,"
which shows their approach is somewhat different from ours, as we would have said "Solutions for problems in informatics (or information processing) are proposed from the viewpoint of fieldwork."
The Research Center for Verif ication and Semantics (CVS), AIST, conducts the study of verification using the Mathematical Methods to check whether a given information system operates as intended. The properties to be verified include: deadlock-freeness (it never stuck), liveness (appropriate service will be eventually provided), termination (execution does not fall into infinite, endless loop), correctness (correct result is calculated), etc. The verification by Mathematical Methods involves the process of representing such properties by means of logical formulae and proving that the implementation of the system meets those properties.
If the system has a fault, the proof should not succeed, and in that case a counterexample is often obtained. In some cases the proof is done by a person (Semiformal Methods) and in other cases it is done by a machine (Formal Methods).
CVS has conducted several joint research projects with industry. Those projects are in general called fieldwork and include the study in clinico-informatics for the technology called "model checking [5][6] ." We start with the analysis of the situation by talking with the partner, consider the ways of carrying out the model checking that improve the situation most effectively, and then try to transfer the technology to the partner. Methods in fieldwork such as participant observation play central roles here. The term field science was introduced by Kawakita Jiro Note 1) and it includes the KJ method (named after Kawakita Jiro). We try to give a systematic account of the technology transfer process of informatics research results, using our experiences of fieldwork as examples and Kawakita's field scientific methods as leading principles.
This paper is written as follows. In chapter 2, we explain the technology called model checking, which we transferred to our partners of joint research projects. In chapter 3, we try to give a systematic account of technology transfer using Kawakita's notion of field science and related models for problem-solving. The general scenario of technology transfer in clinico-informatics is presented in chapters 4 and 5; the scenario for technology transfer that we have conducted is described in chapter 4, and the outline of some of the element techniques used for technology transfer is explained in chapter 5. In chapter 6, we present two of the most typical technology transfer projects that we conducted, and try to evaluate the outcome. Finally in chapter 7, the proposed model for the technology transfer process is discussed, as well as issues left for future work.
Technology transferred: model checking
This chapter is a short introduction to the model checking for readers not familiar with informatics. Model checking is the technology which was used in our joint work with industry in verification and diagnosis of the system (fault removal ).
Model checking is one of the technologies in software development methodology called Formal Methods. Formal Methods is, in a sense, nothing but a scientific approach to software development, where one describes and proves propositions according to mathematical logic. In application of Formal Methods, one first sets up a formal language, in which data and the propositions about them can be written as terms and formulae. Upon that language, a formal theory is built, where axioms and rules of inference are provided. Then an interpretation is given that specifies the mathematical objects and their properties as the denotations of terms and formulae of the formal language. The fact that a proposition is true under an interpretation M is written as M , and we say is true under M. An interpretation under which all axioms of the formal theory are true is called a model. When is true under any model, we write , and we say is valid. One is usually interested in the validity of propositions, but in some cases, one is rather interested whether a proposition is true or false only under a given specific model. Checking whether a proposition is true or false under a given model is called model checking. Model checking under formal theories of a special kind, i.e., formal theories in temporal logic, are target of our interest here. Temporal logic is useful in describing dynamic properties of control programs and nowadays is one of the indispensable methods in program verification. Model checking in formal theories in temporal logic is our principal concern here. A model of a formal theory in temporal logic is usually given in the form of a transition system Note 4) .
Software which automatically performs model checking is called a model checker. A model checker is given two input data: a model and a property expected to hold for the model. The model checker reponds on whether the former satisfies the latter in the form of YES or NO. When the answer is NO, it normally gives a counterexample, too. In the case that the formal theory is in temporal logic, a model checker usually gives a counterexample in the form of an execution trace (state sequence) of the transition system. Hereafter, we only consider model checkers for formal theories in temporal logic; so the formal theory concerning model checkers is assumed to be in temporal logic.
Faults in an information system may be detected using a model in the following way. First, a user defines a transition system that represents the system. The transition system will work as a model of the formal theory of concern. Now, information systems are in the real world, while transition systems are in the mathematical world. So, the defined transition system is different from the information system. We say that the transition system is obtained from the information system through (mathematical) abstraction. While abstracting the information system, one intends to retain every feature which affects the addressed property. There are, however, no mathematical ways to make sure that every such feature is really retained, since the information system lies outside the mathematical world. The defined transition system may not sufficiently retain the property of the original information system. We shall come back to this problem later. Hereafter in this chapter, we shall exclusively consider the transition system rather than the original information system to be verified, unless otherwise stated. Now, whether the transition system has the expected property boils down to whether the property is true under the model given as a transition system. So, it can be checked by a model checker. If the model checker answers NO and gives a counterexample, which indicates a candidate of the malfunction of the original information system, then the counterexample, given in terms of execution trace of transition system, is interpreted in terms of the original information system and judgment whether it does give an example of malfunction of the original system is done by the information system designer, not the verification engineer. Even if the model checker says YES (satisfied), however, it does not necessarily mean that there are no faults in the original information system (false positive). This is because it is not clear whether the transition system given as a model adequately represents the original information system.
As shown above, the model checker checks the transition system. To use the model checker to check the original information system, some manipulation is necessary to fill in the gap between the original information system and the transition system. For example, even if the model checker answers NO, one cannot conclude immediately that there is a fault in the system (false negative), and the counterexample should be analyzed. The issue is who does such analysis. Ideally, someone from the development team participates in the analysis in addition to the people doing the verification (fault finding), and the final decision on whether it is a fault or not is done by the development team.
Field scientific method of technology transfer
In this chapter, we give a systematic account of technology transfer by applying the W-model for problem solving attributed to Kawakita. The Full Research model, which has been discussed since the establishment of AIST, is also applied and is compared with Kawakita's model.
Kawakita's W-model for problem-solving
Kawakita observed that study in science is classified into three categories: bibliographical science, experimental science, and field science [1] . Study in bibliographical science is conducted on desktop using the earlier literature by means of deduction. Mathematics is its typical example. Experimental science is an inductive st udy where a reproducible phenomenon is recreated in the laboratory through experiments and one investigates whether a hypothesized theory holds with respect to the phenomenon; an example is experimental physics. These two kinds of study are based on some given theory, but field science focuses upon abduction where one goes out to the field to observe a possibly non-reproducible phenomenon on site in order to set up a theory or a hypothesis. What occurs in civil society immediately after an earthquake is an excellent example of such an observation. The difference between these three kinds of study is purely methodological, and so the field is not necessarily outdoors, but may well be on desktops in your bibliography or, in the case of informatics, in the office of software development. The relationship between these three kinds of study is depicted in the W-model for problem solving shown in Fig. 1 [2] .
The technology transfer is a way of problem solving, so we set up our hypothesis that the process of technology transfer can be understood using the Kawakita's W-model for problem solving. With this approach, we try to give a systematic account of technology transfer, occasionally referring to our own experiences.
We apply the Kawakita's W-model for problem-solving to technology transfer as follows. First, under a vague expectation or problem proposal that some technology may be useful somewhere in some society, one visits (make exploration) there and observes the situation (field observation) Note 5) . As a result of the observation, one determines the way the technology which initially seemed useful can in fact be made useful (abduction). Other technology may turn out to be necessary in this phase (integration). Then one goes back to the laboratory, the overall situation is overviewed (understanding the situation), and it is decided whether the initial plan is to be performed or not. In the former case, the specific procedure of technology transfer is designed in detail (reasoning), and the experiment that allows the procedure to go forward is prepared and performed. The result of experiment is observed, verified and evaluated.
If the technology transfer is conducted without such a systematic view as above, at least three problems arise, according to our experience.
1. If some technology is transferred without sufficient understanding of the overall situation due to insufficient social observation (field observation), we may just hardsell a technology not suitable in the situation. 2. Technology transfer is a difficult and large scale process that takes at least several months, or even several years in some cases. A comprehensive understanding of the whole technology transfer process would help the stakeholders much because they can then understand where they stand in the whole process. Such an understanding would especially help the involved engineers and scientists, when they face with difficulty in the process. Also, such a picture will make it easier to provide explanations to other stakeholders (especially the project sponsors). 3. Although the concrete technology transfer process itself is unique between a research institute and its industrial partner, there are cases where several similar cases are discussed all together. Such a comprehensive discussion would only be possible under the existence of a general theory of technology transfer.
In particular, the target of technology transfer of concern in this paper is for a methodology of software development in general, not a method or know-how of developing specific software, such as an algorithm or even a parameter of some algorithm. In the former case, systematic training of engineers (knowledge transfer) would be inevitable, while a need for such training is not so obvious in the latter case. It seems that the difficulty arising with knowledge transfer has an aspect of a complex system issue, and it is where Kawakita's W-model for problem-solving could come in. 
Full Research and W-model

Qualitative research and quantitative research
Qualitative research nowadays is often discussed in contrast to quantitative research. In physics and chemistry, qualitative research tends to be undermined as being less accurate or not very precise. This is wrong. There is accurate and precise qualitative research and it often even provides foundations of quantitative research. The validation of selection of parameters used in a quantitative research, for instance, is inherently qualitative, so all arguments which follow the selection of parameters are based on qualitative research.
Incidentally, real numbers are often used to represent quantity, but there are other mathematical objects which could be used here. There are many cases where the quantitative argument can be carried out by means of only the ordering (comparisons) and limits (maximum and minimum). In such cases, the argument can be given by only using the structure of partially ordered sets, lattices or complete lattices, but not by using the whole structure of real numbers.
Nevertheless, qualitative research can be conducted without losing preciseness, and are actually used widely in ethnology, sociology, and nursing. Common to these fields are the facts that they deal with phenomena which are related to human beings, that the subjectivity is involved in the subject of study Note 7) , that they deal with phenomena which are not reproducible or hard to reproduce, and that the subject of study is complex. Parameters used to examine complex subject of study, in general, should be chosen with care. The validity and adequacy of the selection must be thoroughly and carefully studied, but such is only done by qualitative research, as we explain above. Qualitative research is important here and we need a methodology for it. The KJ method [1] [2] [3] by Kawakita and the grounded theory approach by Glaser and Strauss [11] are examples of such methodologies.
It would be appropriate, in the study of technology transfer from the viewpoint of clinico-informatics, to take the qualitative research approach to grasp the right direction of the research. The reason is that technical transfer involves human beings and, like other such humanistic subjects, it concerns with wide and complex variety of phenomena. The decision of whether a specific enterprise employs the new technology is entirely subjective, like all other decisions. Moreover, technology transfer in an individual enterprise is a non-reproducible process.
So, qualitative research plays a large role in the study of clinico-informatics, at least in its earlier phases. There can, however, be much use of quantitative research in the study of clinico-informatics. The authors are not totally negative about quantitative research, but qualitative research must come before it. It is only necessary to give serious thought about the selection of quantities to be investigated before starting quantitative approach, and such thought would unavoidably lead to qualitative research.
A scenario of technology transfer
We present, in this chapter, a typical scenario for the technology transfer process abstracted from our fieldwork experience in transferring the model checking technology. While we set up the above scenario, we followed several rationales based on our experiences in our f ieldwork conducted through joint research with industry. Some of the rationales are listed here. a) Some of the industrial partners asked the research team to develop an automatic checker that checks the correctness of software in response to a press of a button. The research team did not, however, agree to do it. There are at least two reasons:
(I) It is known in mathematical logic that there is no such general procedure that automatically proves whether an arbitrary given program satisfies an arbitrary given specification (undecidability of Church's first-order predicate logic). (II) Even though the model checker itself is an automatic checker, the whole verification process using it is an interactive process because the property to be checked is usually found by try and error. On some occasions the property must be changed because there was a misunderstanding or impreciseness in setting it up; on other occasions, too much resource, memory or CPU time, is required by the verification software that the property must be divided into smaller ones or some other action is necessary. Such iteration seems to be inherently interactive and non-automatic, so, the research team was rather negative against the effort to increase the degree of automation.
It seems our industrial partner wished (I) because they considered the technology transfer for detecting faults by model checking as merely a flow of information. However, it involved a more complex phenomenon than a mere flow of information, as described in b) in the actual technology transfer process.
b) The verification technique, including model checking that we used as the subject of technology transfer, is a part of design technique. Design is a dynamic process rather than a static knowledge. The written texts and lectures on technical information does not convey by themselves the whole skill needed. It was necessary to convey the way how one uses the knowledge in a face-to-face manner.
Here we see a kind of cross-cultural encounter; the culture of engineering or industry and the culture of academia. Incidentally, this is the reason why the technology transfer must be done as a joint work with a research team and an industrial partner, rather than as a contract and merely delegating the whole work to either side.
To exemplify how the basic knowledge differs from one field to another, take the basics of mathematical logic, which is necessary to describe the logical formula to be checked in verification. Such subject is not taught at all in high schools and in most university courses, as opposed to basics of linear algebra and analysis. Even most university courses in computer science in Japan do not teach it. So there is a rather large gap between the engineer's background and what is required for a person who uses model checking in verification in industry. According to our experience, it normally takes a few months or even a year to fill this gap, i.e., to teach the necessary basic facts about mathematical logic to the engineers who need to acquire model checking technique.
c) Another reason for us to employ fieldwork for technology transfer is that we have to show to the management of our industrial partner how effective the technology of concern is in the context of actual work done at their own site.
For our industrial partner to fully deploy the technology, it is necessary for them to evaluate the technology with their own eyes in their own context. But it takes time for the situation to come to that stage, as we wrote in 3 in the scenario, and the scientist in charge can often be frustrated, which of course would result in no good results.
With the slogan of "moving from entrance to backyard" in mind, the scientist in the research team should try to observe where in the stage of technology transfer he/she stands, and that helps him/her keep himself/herself away from any frustration.
d) Each fieldwork project started training or education of engineers individually, but it did not take long for us to realize the need of a systematic way of training. We needed an education specifically meant for engineers at work. Therefore, we developed an independent training course of model checking for engineers and have provided it to the project participants [12] . The course has been designed so that the engineers are thoroughly drilled on the basics of mathematical logic, and that the facts independent of each particular tools are emphasized and clearly distinguished from tool-dependent knowledge.
e) The goal of model checking technology transfer is diverse. How our industrial partner wishes to incorporate the technology of model checking into their own development process differs much according to their culture and strategy. Some industrial partners tried to eliminate dependency on experts as much as possible by means of providing manuals. Other industrial partners tried, on the contrary, to depend on experts as much as possible, so we first trained a small number of engineers, and then those engineers trained other engineers after going back to industry.
Finally, we discuss which step of our scenario corresponds to which process of Kawakita's W-model for problem-solving. 1) The interview corresponds to the exploration on the leftmost edge of the W-shape where the flow goes from the thinking level to experience level. It is a step for gathering information to analyze the situation. 2) Trial experiments correspond to field observation and, in some cases also to experimental obser vation. The model experiment and restoration experiment that will be mentioned later also correspond to field observation, and the blind experiment and man-hour measurement by engineers to experimental observation in the laboratory. 3) What we call "from entrance to backyard" is nothing but the cycle of the entire W-shaped process; a perfect model solving process in the KJ method is a six time iteration of the W-shaped process. 4) Training of engineers corresponds to the path from the "warehouse of knowledge" to the starting point of the problem solving cycle in the left top of the W-shape. The knowledge is given to the engineer, and the next cycle of the W-shaped process is started. 5) The final step corresponds to "abduction and integration". For example, after the procedure is written as a manual, the adequacy of the manual is checked by experiment.
Element techniques for technology transfer
In this chapter, we discuss several element techniques for technology transfer that may be used in the scenario described in the previous chapter.
Fieldwork of technology transfer
Technology transfer may be conducted by a research team in the form of fieldwork. As mentioned earlier, fieldwork in clinico-informatics is not methodologically organized compared to fieldwork in the fields of ethnology and sociology; there are many to be learned from these fields of study, especially methods for information gathering or exploration. At any rate, we conducted our fieldwork with the following slogans.
a) Proceed according to the values in the field
The fieldwork of technology transfer should be conducted according to the values in the field rather than that in academia. To solve the problem in the field takes priority over writing a research paper on each element techniques Note 8) .
So, the specific technique to be transferred should not be selected for the sake of applying a particular research result of a research team. This does not necessarily mean, however, that the research team must swallow every bit of what people in the field say; on the contrary, the research team may occasionally have to be opposed to the opinion of the people in the field, provided they think in terms of the values in the field, not in academia. In spite of initial possible disagreement, however, it is important for both to come to an agreement to proceed further.
For example, there was the aforementioned case where the industrial partner insisted in development of a fully automatic tool, but the research team did not regard it as a good solution. It should be emphasized that the research team in this case totally took the standpoint of the values in the field. In another example [13] , the industrial partner requested the problem to be solved in the implementation process. It is, however, usually considered more effective to apply Mathematical Methods to processes in logically upper levels such as the requirement analysis process and the design process in software development. Accepting the industrial partner's requirement, the research team in this case made several trial experiments, through which they even developed some element techniques. As a result, they confirmed that the model checking technology was also effective in the implementation procedure. This is a case where the request from the field was incorporated successfully.
b) Principle of 4:6 Scientists involved in the research team of fieldwork are expected not only to be competent in scientific research, but also to be able to think and work in context of the field in our case, industry. From the viewpoint of administration of research, it is important to organize a system where scientists involved are well motivated in fieldwork; in other words, there should be some academic element in their work. Also, we expect some bidirectional and mutual reaction between thought in an industrial context and that in an academic context. The slogan we made up to proceed in this direction is the principle of 4:6, which means researchers involved in fieldwork should use 40 % of their effort for fieldwork and 60 % for traditional academic work, that is, work in bibliographical science and experimental science. The idea is that traditional scientific work not only motivates scientists but also enables the use of methods and knowledge of the frontier of basic science in the fieldwork. In that way, a new direction of academic research may well be created, reflecting the issues in the field. It is often essential to evaluate the results of the fieldwork from the viewpoint of academia, but in such a case, knowledge and ability of the involved scientist in basic science is important Note 9) .
Here is a case study in verification of software in industry [14] . The target was the design of web user interface, and there were two specifications: one for the screen transition as seen from the user, and the other was a flowchart that described the control flow of the program. The request from our industrial partner was to check for the consistency between the two specifications. The research team attempted to clarify the word "consistency" used in the field, and it was found that the word in their context meant a certain simulation relation, which nowadays is one of the basic notions in programming semantics. Fortunately, the research team was able to introduce an essential and effective model of the system by use of the notion of simulation relation in this case. This is an example that the knowledge in basic science worked well enabling such an effective model to be obtained because the research team had known the notion of simulation relation well before this industrial collaboration.
The processes of our technology transfer fieldwork were conducted almost precisely according to the description in chapter 4. The element techniques used in this procedure are explained below. Section 5.2 is an explanation of the interview technology used in the first step. Section 5.3 discusses the participant observation used widely in fieldwork. Finally in section 5.4, the model experiment, p r e d evelo p me nt ex p e r i me nt , p o s t-d evelo p me nt experiment, restoration experiment, and blind experiment used in trial experiments are described.
Interview
At the start of fieldwork in technology transfer, the research team must learn the domain knowledge of the field. In most cases, some written material about the domain knowledge is available, and the research team can ask questions, to which the industrial partner answers. We call this step the interview.
Since the knowledge and the background or culture of the research team and the industrial partner differ, one must choose the vocabulary carefully during the interview. Yet the communication between the research team and the industrial partner often is so hard at first that it looks almost impossible. This is why we say technology transfer is a cross-cultural exchange. The techniques of interview overlap in a large part with requirement analysis in system and software engineering.
Interview is done during the whole process of fieldwork, not just at the start. So, the project should be scheduled taking the time for interview into account. Another thing to consider is that the interviewee is not necessarily cooperative to the interview, especially when he/she is not a member of the project, as the interview must occasionally be done with a person who is not a project member. Special preparation for interviews should be considered for such cases.
Participant observation
Participant observation is one of the standard techniques in qualitative research. The observer becomes a part of what is observed, therefore the act of observation itself may effect the result of observation. It is widely used in ethnology and sociology.
Processes of information system design and development are typical examples of non-reproducible processes. If the methodology of experimental science is applied simplemindedly, one would immediately face with difficulties caused by the non-reproducibility, as well as the influence of the observer on the object.
Trial experiment
There are several objectives in trial experiments.
1) To give examples of application of the technology of concern in the context of the industrial partner, in order to make it easier for them to evaluate the value of the technology. 2) To exemplify applications of the technology of concern. 3) To ease the learning of the technology by the industrial partner, by means of tutoring by the research team.
Of these, 1) and 3) are for the interest of the industrial partner, while 2) is for that of the research team. No special method is necessary for 2) and 3), but we make a list of some specific methods for 1) (Fig. 2) . from, for instance, the market. e) [Blind test] Take an old development with some properties (nice or bad it can be a fault). It is assumed that the technology of concern can ease the findings of those properties. The properties are hidden from the research team who tries to clarify them using the technology of concern and evaluating the results of the process. For instance, take an old development with some known, recorded faults. These faults are hidden from the research team who tries to find them using model checking. This can be a good way to evaluate the value of model checking.
Who exercises the technology of concern? There are at least three possibilities.
i) By a team composed only of members of the research team ii) By a team composed of a mixture of members of the researchers and those of the engineers iii) By a team composed only of engineers of the industrial partner
In early stages, one tends to follow i) to display the effect of the technology of concern; then the technology is gradually transferred to the industrial partner by means of ii), and finally, the trial experiment is conducted by iii) to evaluate the cost.
Two case studies
Amongst many fieldworks of ours, there were two cases that were continued for more than three years which were concerned, as a result, not only with a short term goal but also with a middle term one. In this chapter, these two works are presented and we try to evaluate their outcome.
Industrial partner P
The fieldwork done jointly with our industrial partner P started in response to a demand by P for introducing model checking into their development process. P reached model checking after their search for a method of developing reliable software with high quality.
1. A "Model experiment" was conducted for a small piece of software of P. Model checking was conducted for about one month, and an engineer on the side of P learned the process of verification using model checking, while the research team learned how to read the specifications written in P and the basic domain knowledge. This was repeated several times.
2. A "Blind test" was conducted after repetition of 1. All the faults that should be discovered were found by applying model checking. A good set of examples showing the effectiveness of model checking was obtained through this Blind test.
3. Up to this point, the work of model checking itself was done by the research team. At this point, the project decided to write a manual which enables engineers of P to conduct model checking without assistance of experts. To that end, model checking is now done jointly by the research team and engineers of P and this joint team repeated "pre-development experiments" and "post-development experiments," several times to write down a guideline for a verification process using model checking, and a manual to verify a module in nine days. The guideline was written jointly but the manual was completed solely by the engineer team.
Unfortunately, we have not received any report from P about how model checking was introduced into their own development process after this fieldwork was completed.
We assume it has not been deployed in a large scale, to our disappointment. Note that, however, P is a world wide enterprise having more than a hundred thousand employees, so for them to deploy a new technology would itself be a huge project.
For a technology transfer project to succeed, there are various points that must be considered, other than technical problems that would be solved by trial experiment as discussed above. We realized through this fieldwork that the research team must set up a view about intellectual properties; that is, it must have a fixed strategy concerning which results would contribute to intellectual properties and which results would contribute to academic publications, and such strategy should be set up at an early stage of the whole project. Take, for example, the writing of a manual as described in 3 above. The manual was written only by the engineers of P and no one from the research team participated in the writing. This, however, prevented information sharing between the engineers and researchers. In retrospect, the researchers should have supported the manual writing much more because some information which must be written down in a manual is not so important as an intellectual property or as a result of academic research but, at the end of the project, we tended to regard every information written in the manual as valuable either as an intellectual property or an academic result.
Industrial partner Q
A fieldwork for technology transfer jointly with our industrial partner Q started when engineers of Q became interested in model checking, and the top management of Q dispatched one engineer to AIST for two years.
While the fieldwork with P was done with the intention to write a manual to propagate model checking to exclude the dependency on experts, in the case of Q, technology transfer took place in an extremely expert-oriented style where the technology was thoroughly taught to one engineer. This engineer participated in several research projects at CVS and went back to Q, after two years, with ample experience in conducting "restoration experiments" and "pre-development experiments."
As a result, the trained engineer has been active and has established a study group of model checking after the completion of the fieldwork project. The group extended even to other companies and he created his own model checking training course for engineers, which is readily used in Q.
The two cases of fieldwork above differ in their strategy for propagation of the technology inside the industrial partners, even though both were trials to apply the same technology.
The reason seems to lie in the diversity of software development. The field to which the information technology is applied tends to be diverse and that implies that qualitative research is effective here.
7 Discussion and conclusion
Issues
We are still in the process of collecting experiences in the fieldwork for technology transfer. Therefore, the scenario presented in this paper should be regarded as tentative. There are, however, at least two issues for the future.
a) There is room for further systematic study on observations obtained through our fieldwork. It seems qualitative approaches, such as the KJ method, are effective for such a study. b) While there are active discussions on measurements and quantity for the software development processes [15][16] , in clinico-informatics, how to use such measurements in concrete technology transfer Note 10) still remains as an issue to be discussed.
Just as there are issues of finding the cause of a disease and clarifying the mechanism of a disease in clinical medicine, there are issues of finding the cause of risks and clarifying the mechanism of faults in clinico-informatics, and these issues must be solved by collaborating with the basic research of informatics. The risks (or dependability, if one looks at the other side of the same phenomenon) of information systems are widely studied nowadays, and an approach that takes into account the diversity and complexity of information processing, as presented in this paper, seems to be worth emphasizing more.
Conclusion
In this paper, we attempted the systematization of clinicoinformatics based on the field scientific methodology by Kawakita. The KJ method seems particularly effective as a method of information gathering in the requirement analysis, as it is one of a few methodologies about abduction. Note 6) This is a point indicated by the main reviewer. The authors initially objected to the comment, but after thinking through, we changed our position and came to this conclusion.
Note 7)
This does not necessarily mean that we are stating that these disciplines engage in subjective discussions.
Note 8) As a result, some of the authors' colleagues suffered from lack of volume in their publication lists. We emphasize that there are people even in academia who understand the importance and difficulty of fieldwork and that being seriously involved in fieldwork inevitably implies a small number of academic publications. Having said this, we must observe that there are still many who do not recognize this causality and tend to accuse scientists in fieldwork of lack of academic publications.
Note 9) Consider a researcher in clinical medicine who is not trained in basic science such as molecular biology and he/she tries to connect a result of a clinical study to basic science. It is widely known that he/she may go round and round for years over the same topic because he/she does not have the overall view of the whole picture, and it is often attributed to lack of his/her ability in basic science. Such a phenomenon is called PAIDS (paralyzed academic investigator's disease) [19] .
Note 10) It seems the KJ method could be used effectively as a method for system analysis (requirement analysis, safety analysis, etc.). Conceptual tools such as Goal Structuring Notation (GSN) and Claim, Argument and Evidence (CAE), based on the operation of relating different objects by arrows, are recently used widely for safety cases, but the KJ method, based on the operation of putting things together by circles, seems to work from different perspectives. This is, however, an open issue to be investigated.
Discussions with Reviewers 1 "Clinico-informatics"
Question (Hideyuki Nakashima, Future University Hakodate; Naoto Kobayashi, Center for Research Strategy, Waseda University)
Although the meaning of "clinico-informatics" is clearly explained in the text, I am afraid that a careless reader may easily misunderstand the word to mean "informatics for clinical treatment." What do you think of using the term rinjo johogaku or "on-site informatics"?
Even outside of medical domain, the term clinical psychology, for instance, has been widely accepted. We agree, however, there is a possible misunderstanding which you pointed out, so we rewrote the text to avoid it. It could also be said that clinicoinformatics is a study of therapy for systems, or systemtherapy.
Technology transfer
Question (Naoto Kobayashi)
You write that 1) analyzing the situation (diagnosis), 2) improving (therapy), and 3) deciding and executing the improvement policy (technology transfer) are the three principal subjects of study in clinico-informatics, making analogy with clinical medicine. I am anxious to clarify the chronological order of these activities; in particular which of 2) improvement and 3) technology transfer comes first in chronological order? It seems that 2) usually comes after 3). Is it the case that 2) is first done by the research team and then 3) the technology is transferred to industry step by step, or that 2) improvement and 3) technology transfer are done in parallel? Could you clarify the chronological 
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order of 2) and 3)?
Is there no transfer of technology (of medical treatment) from medical doctors to clients (of course there is none because of the law), while there may be advice about treatment and prevention? If you include nursing, however, technology transfer does occur from medical doctors to nurses.
Answer (Yoshiki Kinoshita, Toshinori Takai)
2) comes after 1), but 3) is to shape the technology of 1) and 2) into a form that can be used (deciding the improvement policy) by general engineers (general physicians), and to communicate (execute). 1) and 2) are activities at a level different to that of 3), so there is no specific chronological order between 2) and 3).
The technology transfer we are considering as an example corresponds to a flow of knowledge from research institutes to the medical doctors, not from medical doctors to clients. Since it is done between medical doctors with proper licenses, (i.e., from those working in research institutes to those working in clinics,) the limitation by law does not matter here.
Question (Naoto Kobayashi)
I understand your notion of technology transfer and the analogy to what happens in clinical medicine, but I still do not understand that "3 to propagate the technologies" comes after "2 to improve the situation in the field" It would be strange if a medical doctor cares for the patient before deciding the therapeutic policy, wouldn't it? Could you explain more about what you mean by "to propagate the technologies"?
Answer (Yoshiki Kinoshita, Toshinori Takai)
After giving another thought, we concluded that analysis of the situation, improvement, and propagation of the technology transfer are subjects of study in clinico-informatics, and the propagation itself is not part of the study of clinico-informatics; clinico-informatics studies methods for propagation. We rewrote the text to emphasize this distinction. We appreciate your point.
W-model for problem solving
Question (Hideyuki Nakashima)
You compare the W-shaped and V-shaped processes in chapter 3. Is not a W-shaped process a repetition of two V-shaped processes? (Refer to: H. Nakashima: Discipline of constructive research f ields -Toward for malization of Synthesiolog y, Synthesiology, 1 (4)) Moreover, I do not think Yoshikawa's model is wrong; I would rather think processes of his model is repeated in reality.
Answer (Yoshiki Kinoshita, Toshinori Takai)
The V-shaped part on the left of the W-shaped process is a stage of abduction where the theory emerges, while deduction and induction are performed based on the theory emerged there. Therefore, we think the W-shape is not a repetition of the V-shape. We added some explanation about this point to the text.
By the way, we do not at all say that the Yoshikawa model is wrong. Our point is that the methodology for abduction has not been discussed at all or the discussions have been far from sufficient, if any.
Question (Naoto Kobayashi)
You wrote that the V-shaped part on the left side of the W-shaped process was missing in the Yoshikawa's framework of Full Research. If so, the process for the left V-shaped part is predetermined in the framework of Full Research. However, such a situation is rarely found in reality, but there usually must be a process of the research team going out to society or industry to observe the situation. The difference of Full Research and your fieldwork may be as follows. In the case of fieldwork, the two V-shaped parts in the W-shaped process are always linked serially and the W-shaped process is repeated again and again several times. On the other hand, the left hand side V-shaped part is assumed not to be repeated usually in the case of Full Research.
Synthesiology -English edition Vol.3 No.1 (2010) Therefore, it seems to me that the whole W-shaped process also exists in Full Research but it is not symmetric, and the study in most cases is performed by repeating the right hand side V-shaped process.
Answer (Yoshiki Kinoshita, Toshinori Takai)
We d id not i nt e nd t o s ay, " T he r e s e a r ch t he me i s predetermined," but we do intend to say, "Discussion on the process for determining the research theme has been missing." Therefore, I absolutely agree with you in that "such a situation is rarely found in reality, but there usually must be a process of the research team going out to society or industry to observe the situation."
By the way, the difference between Full Research and the W-model is the emphasis of the presence of the left hand side V-shaped part and the presence of a methodology for conducting it. The difference is not the number of times the left V is repeated. Whether it be Full Research or anything else, the left hand side V-part, i.e., abduction stage, is there, and what matters is whether one is conscious of that part and look at it with emphasis or not.
Question (Naoto Kobayashi)
In Kawakita's W-model for problem solving, I think the left hand side V-shaped part ("exploration," "field observation," and "abduction and synthesis") is important. In the process of the application of model checking, you wrote "under a vague expectation or problem proposal that some technology may be useful somewhere in some society, one visits (make exploration) there and observes the situation (field observation)." In practice, however, don't you conduct technology transfer to respond to some clear issue that your industrial partner has? Or, do you mean that the problem of your industrial partner is clear, but how to solve it is vague? Could you clarify the word "vagueness" in your statement here?
Answer (Yoshiki Kinoshita, Toshinori Takai)
The industrial partner involved does not necessarily have the full understanding of the essence of the problem. Therefore, there may be a more pressing issue touching to the essence. That issue must be solved first; the other issues are often automatically solved as soon as such an essential problem is solved. It is the responsibility of the research team, which is equipped with more of scientific knowledge and experience, to explore and observe the field with open eyes with as little bias as possible.
